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7. PURPOSE AND SCOPE 

The purpose o i  lhis report i s  t o  present the resul t?  of the postf l ight  

analysis o f  t h 2  SE:r? ' i  ce Propulsion System (SPS)  Derformance during the Apollo 

14 Mission. 

The primary objectiv.. of the analysis was t o  determine the steady-state 

performance o f  t h e  SPS under the environmental conditions of  actual space 

f 1 -i g h t  . 

This re':Cor-t i s  a supplement t o  the Apollo 14 Mission Report. 

T h i s  report covers  the additional analyses performed following the 

compilation of Reference 1 .  

changes t,o the resul t s  reported in Reference 1 : 

The following items are  the major additions and 

1) The steady-state performance as determined from analysis 

of the t h i r d  and seventh burns i s  presented. 

2 )  The analysis techniques problems and assumtions a re  

discussed. 

The f l i g h t  analysis resul ts  are comp-ired t o  the pref l ight  

predi cted per fcrrmance. 

Th? propellant u t i l i za t ion  and gaging system (PUGS) operation 

i s  evaluated i n  greater d e t a i l .  

The pressurization system performance is discussed. 

The transient d a t a  and wrfomance are included. 

The propellant consumGtion estimates are revised. 

3)  

4) 

5 )  

6) 

7) 
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2.0 SUMMARY 

CSM 170 SPS performance f o r  the Apollo 14 Mission was evaluated and 

The SPS mission duty cycle consisted of seven fomd t o  b? sat isfactory.  

f i  rings f a r  a to ta l  duration o f  574.29 'seconds. 

SPS stcady-state performance was determined primarily from the analyses 

o f  the t h i r d  {I-01-1) and seventh (TEI) b u r n s .  I t  was determined from these 

analyses t h a t  the engine fuel resistance was approximately 6.7% less  t h a n  

i t s  acceptznce t e s t  value. 

bias of -5.591 determined from postfl ight analysis of Apollo 9,  10, 11, and 

12 (Referencc 5 )  and used in the Apollo 14 preflight analysis.  

T h i s  compares well w i t h  the mean fuel resistance 

Average standard i n l e t  condition engine performance values f o r  the two 

bums analyzcd are  as follcws: thrust - 20736 pounds; spec i f ic  impulse - 
314,@ sclcnnclz; and p r n p ' l l a n t  rnixtiirp r a t i o  - 1.557 units. 

0.4% greater ,  0.1% grea te r ,  and  0% d i f f e ren t ,  respectively, than corresponding 

values computed from the pref l ight  engine model. 

condition performance f o r  the two burns showed good agreement w i t h  differences 

of only 10 pounds f o r  thrust ,  0 .2  seconds f o r  spec i f ic  impulse and no d i f -  

ference for  mixture r a t io .  

These values are  

Individual standard in l e t  

Operation o f  the Propellant Util ization and Gaging Systm (PUGS) was 

sa t i s fac tory  thraughout the mjss  on. 

s e t  i n  the normal position f o r  a 1 SPS b u r n s ;  therefore, only the primary 

system data were available.  The prcpt?llant u t i l i za t ion  ( P U )  valve was i n  

the increase pcsition a t  latinch t o  compensate f o r  the negative engine mixture 

r a t i o  bias (fuel resistance b i a s )  expected from p a s t  f l i g h t s .  

the PU valve t he  crew achieved excellent propellant nianagement w i t h  the 

unbalance a t  t he  end of the seventh burn being only 40 lbm. 

The PUGS mode selection switch was 

By u t i l i z i n g  
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3.  I NTRODlJCi 1 ON 

The Apollo 1 4  Nission v/;is t h e  fourteenth i n  a s e r i e s  of f l i g h t s  u s i n g  

Apollo f l i g h t  harclmre and l ~ a s  the t h i r d  lunar landing mission of the Apollo 

Program. 

o f  the Lunar Module ( L M ) ,  t h e  eighth manned f l i g h t  of the Block I 1  Corninand 

and Service Module ( C S M ) ,  arid was the seventh manned f l i g h t  u s i n g  a Saturn 

V launch vehicle. 

I t  i nc ludd  the :cim-!th f l igh t  t e s t  and the s ixth manned f l i g h t  

The objectives of the mission were t o  investigate the 

lunar surface nei!:- a preselcct.ed point i n  the Fra Eauro  formation, deploy 

and ac t iva te  an Apol lo  lunar surface experiments package, fur ther  develop 

man's capabi l i ty  t o  work ir, the lunar environment, and obtain photographs 

o f  candidate explorction s i t e s .  Combined spacecraft functians included 

Command Module docking w i t h  t h e  LM, spacecraft separation from the launch 

vehicle, seven SPS f i r i n g s ,  3 : ~  Descent I)ropulsion Systen (DPS) f i r i n q ,  two 

Ascent Propulsion SLystern (APS) f i r ings ,  a rendezvous and docking, and a 

SPS Transearth Injection ( T E I )  f i r ing .  

The space veh'cle was launched from the Kennedy Space Center (KSC) a t  

4:03:02 PM E.S.T. on 31 January 1971. Because of unsatisfactory weather 

conditions a t  t r i p  planned time of launch, a launch de1a.y (about 40 minutes)  

was experienced fo r  the f i r s t  time i n  the Apollo prograin. The clock on- 

board the  spacecraft was changed a t  a b o u t  54 hours a f t e r  launch by adding 40 

minutes and 2.90 seconds. Had the clock update not been performed, indica- 

t ions of elapsed tiiiic in the crew's data f i l e  !<auld have been i n  e r ro r  by the 

amount o f  the delay i n  l i f t -o fT ,  since the  midcourse corrections were targeted 

t o  achieve the prelaunch - desired lunar. o rb i t  inyertion time. All t ines  

herein a re  i n  elapsed time from l i f t -o f f  ( A E T ) .  The S-iVB stage was 

res ta r ted  approximatel v 2-1/2  !-iClLIrS a f t e r  1 zui ich f o r  the Traps-Luiiar 
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Injection ( T L I )  f4aneuver. 

a f t e r  the TLI Maneuver, s ix  atte1;pts were required t o  ac’r,izve c lc r - ! j2q  

because of mechanical d i f f i c u l t i e s .  

D u r i n g  transposition a n d  dock in? ,  abc,:l’i 5 hours 

There were seven SPS burns during the mission, with 5 to ta l  dw. t iOn  

of 574.29 seconds. 

approximately 30-1/2 hours a f t e r  l i f t o f f .  

second docked SPS f i r i n g ,  a mid-course correct ion,  was performed. 

t h i r d ,  and longest, SPS b u r n  was the Lunar Orbit Insertion (LO1) iLtmver 

conducted a t  about 82 hours‘ Approximately 4 hours l a t e r ,  the foiri-th SPS 

burn ,  the  Descent Orbit Insertion (001) Maneuver was perromed. 

module was undocked from the comvand module a t  about 103-3/4 hours. At 

about 105-1/6 hours the f i f t h  SPS b u r n ,  the c i rcular izat ioi i  ( C i K )  lbneuver 

The f i r s t  SPS b u r n  was the Hybr id  M3nrtuver performed 

A t  approximately 77 hours the 

Tiif: 

Tho 1ur;ar 

was pe?fcrr:ij. ~ ~ ~ i - ~ ~ j ~ j ~ ~ t ~ 1 ~  3 l ~ o u ~ * s  :atci- tlj; FG*,izi*ed L L > ~ ~ ( t t  

t i a t i o n  (PDI) was perforiced by the DPS, termindting in tht. lunar l a n d i n g  a t  

108:15:09.3 hours. A t  about 117-1/2 hours the s ix th  SPS barn, t h 2  L u n a r  

O r b i t  Plane Change ( L O P C )  was perfornied. 

performed by the APS a t  approximately 142  hours, and a d i r e c t  rendezvous 

was performed and  the comand-module - ac t ive  docking opcrations w r e  

normal. 

Injection ( T E I )  f4aneu!ler, was performed. 

The Lunar Lif toff  b u r n  was 

Approximately 7 hours l a t e r  the seventh SPS burf i ,  the Trails-Earth 

The actual igni t ion time, b u r n  daration and velocity gain f o r  each of 

the seven f i r ings  a re  contained i n  Table 1 .  

The Apollo 14 Mission u t i l i zed  CSkl 110 which was equipped w i t h  SPS 

E n g i n e  S / N  6 3  ( In jec tor  S/FI 121). 

perforrsnce charac te r i s t ics  (Refersnce 2 )  a re  coritained in  Tab!e 2 .  

The engine configuration and expccted 

4 



The SPS engine was s tar ted i n  the single bore engine valve mode on 

a l l  seven burns. 

i n  the single bore mode. 

opened 1 t o  4 seconds a f t e r  i g n i t i o n .  

The second and f i f t h  burns were conducted completely 

For the remaining burns the other bore was 

The f i r s t  three SPS firings were no-ullage s t a r t s ,  while the remaining 

burns were preceded by +X Service Module (SM) reaction control system 

translation maneuvers to  ensure SPS propellant s e t t l i ng .  

were conducted under automatic control. 

All SPS firings 

5 



4. STEADY-STATE PERFORMANCE ANALYSIS 

Anal ys i s Tech ni q ue 

The major analysis e f f o r t  for  this  report was concentrated on deter- 

mining the steady-state performance of the SPS during the t h i r d  and seventh 

burns. The remaining five burns were of insuff ic ient  duration t o  warrant  

detailed performance ana lys is .  

with the aid of the Apollo Propulsion Analysis Program ( P A P )  which u t i l i zes  

a minimum variance technique to  "best" correlate the available f l igh t  and 

ground t e s t  data. 

and g round  t e s t  d a t a  t h a t  are used as inputs, and by s t a t i s t i c a l  and 

i t e r a t ive  methods arrives a t  estimations of the system performance history, 

propellant weights and spacecraft weight which "best" (minimum-variance 

sense) reconcile the available data. 

The performance analysis was accomplished 

The program embodies e r ror  models for  the various f l i gh t  

Analysis Description 

The steady-state performance during the t h i r d  burn  was derived from 

the PAP analysis of a 324-second segment of the burn .  

began approximately 24 seconds following ignition (FS-1) .  

seconds of the b u r n  were not included, in order to  minimize any errors 

result ing from d a t a  f i l t e r ing  spans which include transient d a t a ,  and 

because PUGS data near the s t a r t  of the burn  are erroneous. 

analyzed was terminated approximately 23 seconds prior to  SPS shutdown 

(FS-2) to  avoid shutdown transients.  

valve movements, and  propellant crossover (storage t ank  depletion) which 

occurred a b o u t  243 seconds a f t e r  ignition. The seventh burn  steady-state 

performance was derived from the PAP analysis of a 102 second segment of 

the b u r n .  The i n i t i a l  33 seconds of the burn  were excluded from the segment 

The segment analyzed 

The f i r s t  24 

The time segment 

The bum segment included four PU 
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to  avoid iiic.lsJsi'on of' d a t a  from the s t a r t  t rans ien t ,  and the PU valve rove- 

n e n t  which !x.curred early i n  the b u r n ,  The segment was terininated approxi- 

mately 15 c,Pmtids prior t o  engine cutoff i n  order t o  excluae shutdown tran- 
.- sietii dat;:. ihc steady-state performance analyses of b o t h  burns u t i l i zed  

d a t a  from t.!!i. f l i gh t  nieasurements l is ted in Table 3. 

The i n i t i a l  estimated spacecraft damp weight ( to t a l  spacecraft m i n u s  

SPS propelliint) a t  ignition of the t h i r d  burn was 57016 lbm. 

estimated dswp weight a t  ignition of th2  seventh b u r n  was 22765 lbm. 

values wei-i? based on the postf l ight  weight analysis given in Reference 3. 

The i n i t i a l  
- 

Both 

The i n i t i a l  ect.ii!iates of the SPS propellants onboard a t  the beginning 

of the tirtie sesnient analyzed f o r  the t h i r d  burn  were extrapo7ated f r o m  the 

loaded propellant weights presented in Section 5. The . ini t ia l  prcpellant 

estimates f o r  the t i ne  seqment analyz2d for  the sgventh b u r n  were 

extrapolated f r o n i  the cornputed propellants rerna.ining a t  the end of the time 

segrnent anillyzed fo r  the thi  rd b u r n .  A1 1 extrapol ations o f  propel1 a n t  

masses used t o  establish the i n i t i a l  estimates fo r  a given simulation were 

performed in an i t e r a t ive  manner using derived flowrates and propellant 

masses from preceding simulations t o  ensure t h a t  the derived propellant 

mass history was consistent between the two burns analyzed. 

The SPS engine thrust  chamber throat area was i n p u t  t o  the program as 

a function o f  time from ignition fo r  each b u r n .  The assumed thrcat  area 

tirrie history used in the analysis i s  shown i n  Figure 1 and  was based on the 

characterization presented in Reference 2. 

The SPS propellant densit ies used in the analysis were calculated from 

propellant sample specif ic  gravity d a t a  obtained fmm KSC, f l i g h t  propellant 

temperature d a t a ,  and f l i gh t  interface pressures. The temperatures used 
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were based on d a t a  from feed-system and engine feedline temperature measure- 

ments and were i n p u t  t o  the program as functions of time. 

s t a t e  operation, i t  was assumed tha t  respective tank  b u l k  temperatures and 

engine interface temperatures were equal for  both oxidizer and fuel. 

During steady- 

The PAP simulations were performed u s i n g  an "interface pressure driven'' 

SPS model. 

engine interface pressure values, as functions of time, for the s tar t ing 

points i n  computing the pressures and flowrates throughout the system. 

The i n p u t  interface pressures used are generally the f i l t e r ed  data from the 

f l i g h t  interface pressure measurements. The program i s  free t o  bias the 

i n p u t  pressures, i f  so required, t o  achieve a minimum variance solution, 

b u t  the version used (Linear Model 0 )  i s  essentially constrained t o  follow 

the shape o f  the i n p u t  interface. pressure profiles.  

interface pressure profiles,  i n  turn, strongly influence the computed thrust 

shape, and, therefore, the calculated acceleration shape. The i n i t i a l  

simulations of b o t h  burns, using the f i l t e r ed  interface pressure data, 

yielded minor computed acceleration shape errors.  

tion shape errors indicated t h a t  the f i l t e r e d  oxidizer and fuel interface 

pressure d a t a  were s l igh t ly  i n  error.  

are not unusual and are primarily the resul t  of the PCM quantization of 

the raw d a t a ,  which for  the interface pressures i s  approximately 1 . 2  psi/PCM 

count. 

program, i t  was possible t o  derive corrections t o  the f i l t e r ed  interface 

pressure data which significantly improved the overall data match. The 

corrections, which were a l l  less  than 1.0 ps i ,  were then i n p u t  t o  the 

Linear Model 0 version o f  the program for  subsequent simulations. 

Simply s ta ted ,  this  model u t i l i zes  i n p u t  oxidizer and fuel 

The shapes of the 

Analysis of the accel era- 

Shape errors i n  the f i l t e r ed  data 

By u t i l i z i n g  the noise-in-the-state version (Linear Model 2 )  of the 

8 



Analysis Results 

The resulting values of the more s ignif icant  SPS performance parameters, 

as determined i n  the analysis,  a r e  presented i n  Tables 4 and 5. Table 4 

contains values for  the t h i r d  burn as computed in the PAP simulation. 

Values are  presented for  three time s l i ce s ,  which were selected t o  show 

performance before and a f t e r  crossover and a t  both normal and increase PU 

valve positions. 

seventh burn from the PAP analysis. The values shown are for two represen- 

ta t ive  time s l ices  following FS-1. 

f l i g h t  predicted values for the same time s l i c e  are  also shown. 

formance values, both predicted and from the PAP analysis,  are a t  the same 

PU valve position and should be directly comparable. 

Table 5 contains the f l i g h t  performance values fo r  the 

I n  both tables the corresponding pre- 

All per- 

Figures 2 and 3 show the calculated SPS specif ic  impulse, propellant 

mixture ra t io ,  and thrust ,  as functions of time, fo r  the third burn  and  the 

seventh b u r n  , respectively. For comparison the figures also contain the 

predicted performance. 

314.2 seconds throughout both burns. 

two burns analyzed, and the quali tative comparison of the data from a l l  

seven burns, i t  i s  concluded t h a t  the SPS steady-state performance through-  

o u t  the en t i re  mission was satisfactory. 

well w i t h  predicted. I t  should be noted t h a t  the predicted perfor- 

mance for this  mission incorporated a mixture ra t io  bias i n  order t o  more 

closely predict the decreased mixture ra t io  observed on recent f l igh ts .  

A more detailed comparison of the f l igh t  performance t o  the predicted per- 

formance i s  contained i n  the following section. 

As shown, the specif ic  impulse was between 314.0 and 

Based on the values computed f o r  the 

The propellant mixture r a t io  agreed 

The PAP analysis of the t h i r d  b u r n  determined that  the best match to  

the available data required tha t  the engine fuel hydraulic resistance be 
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ad jus ted  from i t s  acceptance t e s t  value. 

820.0 lb f - sec  / l bm- f t5 ,  which i s  approximately 6.7% l e s s  than the  va lue  

determined from engine acceptance t e s t  data. 

d e r i v e d  i n  the seventh burn  a n a l y s i s  was 819.9 l b f  / l b m - f t  which agree!; 

w e l l  w i t h  the t h i r d  burn  r e s u l t s .  

i n  the  o x i d i z e r  res i s tance .  

The de r i ved  f u e l  r e s i s t a n c e  was 

2 

S i m i l a r l y ,  t he  f u e l  r e s i s t a n c e  
2 5 

A minor adjustment (-1%) was a l so  r e q u i r e d  

S i g n i f i c a n t  b iases  were found t o  e x i s t  i n  bo th  i n t e r f a c e  and bo th  

p r o p e l l a n t  tank pressure measurements. 

fue l  tank  pressure (SP0006 P) c o n s i s t e n t l y  i n d i c a t e d  3-4 p s i  l e s s  than the  

fuel  i n te r face  pressure (SP0930 P )  and t h e  measured o x i d i z e r  tank pressure 

(SP0003 P )  read 1-3 p s i  g r e a t e r  than t h e  o x i d i z e r  i n t e r f a c e  pressure  

(SPO901 P ) .  Dur ing  coast,  t he  r e s p e c t i v e  tank and i n t e r f a c e  pressure 

should be e s s e n t i a l l y  t he  same. I n t e r p r e t i n g  t h e  f u e l  pressure coas t  

discrepancy as a nega t i ve  tank  pressure b i a s  appeared c o n s i s t e n t  w i t h  t h e  

s i m u l a t i o n  r e s u l t s  f rom bo th  burns, which i n d i c a t e d  t h a t  t h e  measured f u e l  

tank pressure was biased by approximately -3 p s i .  The o x i d i z e r  pressures, 

however, were n o t  so e a s i l y  r e c t i f i e d .  

bo th  the  o x i d i z e r  i n t e r f a c e  and tank  pressure were n e g a t i v e l y  biased, w i t h  

t h e  measured o x i d i z e r  i n t e r f a c e  pressure averaging 6.5 p s i  l e s s  than the  

s imu la ted  pressure and the  measured o x i d i z e r  tank  pressure  averaging 4 p s i  

l e s s  than the s imu la ted  pressure.  

i n t e r f a c e  pressure b iases  under f 1 ow condi t i o n s  have been observed i n 

prev ious  p o s t f l i g h t  analyses (References 4, 5, 6, and 7 )  and t h e r e f o r e  

approximately 3 p s i  o f  the  6.5 p s i  i n t e r f a c e  pressure  b i a s  were expected. 

The remaining 3.5 p s i  o f  t he  6.5 p s i  o x i d i z e r  i n t e r f a c e  pressure b i a s ,  and 

the  corresponding -4.0 o x i d i z e r  tank  pressure b i a s  a r e  somewhat suspect 

P r i o r  t o  each burn  the  measured 

The burn s i m u l a t i o n s  i n d i c a t e d  t h a t  

Large ( 2  t o  4 p s i )  nega t i ve  o x i d i z e r  

s ince  they are bo th  negat ive,  which i n d  

10 

cates the  two measurements agree 



a f t e r  correcting f o r  a - 3  psi flow bias on the interface pressure. 

use of the unbiased t a n k  pressure (and corresponding net interface pressure 

bias of only -2.5 t o  - 3  ps i )  resulted i n  oxidizer flow rates ,  and thrust 

However, 

levels significantly less than indicated by the PUGS data and the measured 

accelerati on. 

nificantly less  (3-4 psi) than t h e  computed fuel t a n k  pressure, which i s  not 

Furthermore, the resulting oxi d i  zer t a n k  pressure was sig- 

expected since both are controlled by the same helium regu la to r .  

i t  was concluded t h a t  a -6.5 and a -4 psi bias existed i n  the measured 

Therefore, 

oxi d i  zer interface and tank pressures, respectively. 

The analysis verified t h a t  the thrust  chamber throat area characteriza- 

t i o n  (Figure 1)  was relatively accurate, i n  t ha t  no changes were required 

t o  achieve a satisfactory d a t a  match fo r  e i the r  the t h i r d  or seventh burn .  

Both the t h i r d  and seventh b u r n  PAP analysis indicated that  the i n i t i a l  

estimates of the spacecraft damp weight were essent ia l ly  correct w i t h  no 

changes being required. 
Early analysis results indicated inconsistencies in the amounts of 

propellants that  were reportedly loaded, the amounts indicated by the t a n k  

gages and the simulation resul ts .  These discrepancies were most apparent 

a f t e r  crossover and were therefore associated w i t h  the sump t a n k  gages. I n  

general, simulations which best matched the sump t a n k  gages a f t e r  crossover 

(near the end) of the t h i r d  b u r n  required e i the r  unreasonably large (approx- 

imately 150 pounds of  oxidizer and  90 pounds of fuel)  reductions i n  the 

estimated i n i t i a l  propellant masses onboard a t  the s tar t  of the burn  segment, 

or flowrates (and thrust)  w h i c h  did not agree w i t h  the storage tank probes 

and acceleration da ta .  Since the f i r s t  two burns were of relatively short 

d u r a t i o n ,  the propellant loads onboard a t  the beginning o f  the t h i r d  burn 

should be known t o  almost the loading tolerances. Furthermore, when the 

propellants remaining a t  the end of  the t h i r d  burn  for these simulations 
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were extrapolated t o  the seventh b u r n ,  the same sump t a n k  probes indicated 

that  the extrapolated q u a n t i  t i e s  (and therefore the computed q u a n t i  t i e s  

remaining a t  the end of the third b u r n )  were too low by 100-200 pounds for 

each propellant. 

bu rn  segment to  the s t a r t  of the seventh b u r n  segment was larger  (about 

100 seconds of total  b u r n  time) than i n  previous postfl ight analyses, and 

therefore the uncertainties in the extrapolations are larger,  these dis- 

crepanci es between burns seemed unreasonable. 

Although the extrapolation from the end of the third 

The fuel discrepancies were resolved sa t i s fac tor i ly  by reducing the 

fuel onboard a t  the s t a r t  o f  the third burn  segment by 34 pounds from the 

value extrapolated from KSC loading data,  a n d  by applying scale factors of  

0.992 and 0.994 t o  the fuel storage and sump tank  gages, respectively. 

With these corrections, the final simulation gave a fuel mass a t  the end 

o f  the third b u r n  segment which, when extrapolated t o  the seventh b u r n ,  

was w i t h i n  80 pounds of the value determined from the final seventh burn  

simulation. The adjustments required were a l l  within the loading, PUGS, 

and extrapolation uncertainties. 

I 

The oxidizer discrepancies could n o t  be fully resolved. The final 

t h i r d  b u r n  simulation assumed the i n i t i a l  oxidizer mass to  be as extrap- 

olated from the KSC reported l o a d ,  and gave an oxidizer mass a t  the end 

of the burn segment which, when extrapolated t o  the seventh bum gave 

excellent agreement (within 50 pounds of the seventh b u r n  simulation 

resu l t s ) .  However, as shown in Figure 9 ,  the third b u r n  simulation 

results did n o t  agree w i t h  

The simulation gave approximately 150 pounds more onboard t h a n  the sump 

t a n k  probe indicated a t  the end o f  the burn  segment. This disagreement 

could not be simply explained since the same probe d i d  agree well w i t h  

the oxidizer sump t a n k  probe a f t e r  crossover. 

1 2  

~~ 



s i m u l a t i o n  r e s u l t s  f o r  seventh burn, which discounts a cons tan t  b i a s  o r  

s c a l e  f a c t o r  e r r o r .  

e r r o r  e x i s t e d  f o r  the  t h i r d  burn, bu t  d i d  n o t  e x i s t  d u r i n g  the  seventh 

burn; o r  t h a t  t h e  s to rage tank d i d  n o t  completely empty a t  c rossover .  

second p o s s i b i l i t y  cou ld  occur and n o t  be d i r e c t l y  de tec ted  because the  p r e s e t  

-0.4% c a l i b r a t i o n  b i a s  on s to rage tank probe would make t h e  s to rage tank 

probe i n d i c a t e  zero even w i t h  100 pounds o f  o x i d i z e r  i n  the  tank. 

l a r g e  p o s i t i v e  s lope (F igu re  9 )  on t h e  o x i d i z e r  sump tank  r e s i d u a l  e r r o r  

a f t e r  crossover cou ld  i n d i c a t e  some cont inued f l ow  i n t o  the  sump tank f o r  

t he  remainder of  t he  t h i r d  burn, whereas the s i m u l a t i o n  assumes t h e  s to rage 

tank t o  be empty a t  crossover.  

I n  sp t e  o f  t he  above t h i r d  burn o x i d i z e r  gaging i ncons is tenc ies ,  t h e  

s i m u l a t i o n  computed consumption (Table 6 )  f o r  t h e  whole m iss ion  agrees 

q u i t e  w e l l  w i t h  consumption computed from the repo r ted  KSC loads and the  

gaging system readings a t  shutdown o f  t he  seventh burn. 

s i m u l a t i o n  r e s u l t s  t h e  t o t a l  o x i d i z e r  and f u e l  consumed were 23889 pounds 

and 14932 pounds , respec t i ve l y .  The corresponding values computed from 

the  r e p o r t e d  loads and the  gage readings (account ing  f o r  seventh burn shut -  

down consumption) were 23900 pounds and 14953 pounds. 

consumption t h e  o v e r a l l  m iss ion  m ix tu re  r a t i o  was 1.600, which i n d i c a t e s  

exce l  l e n t  p rope l  1 an t  management. 

t he  computed usable( ’ )  o x i d i z e r  and fue l  q u a n t i t i e s  remaining were 877 pounds 

and 583 pounds, respec t i ve l y .  

t h e  seventh burn, t he  est imated SPS AV c a p a b i l i t y  remaining was approximately 

580 f t / s e c ( * ) ,  which exceeds the  500 f t / s e c  budgeted (Reference 8 )  f o r  

weather avo i  dance. 

I t  i s  conceivable t h a t  a probe b i a s  o r  s c a l e  f a c t o r  

Th is  

The 

Based on t h e  

Based on t h e  computed 

F o l l  owing the  end o f  t h e  seventh burn 

Based on the  spacec ra f t  mass a t  t he  end o f  

(1 )  Based on unusable q u a n t i t i e s  o f  295.2 pounds and 146.2 pounds f o r  o x i -  

( 2 )  I nc ludes  a d d i t i o n a l  al lowance o f  100 pounds unusable f o r  t h e  + lo0  - pound 

d i z e r  and fue l  , r e s p e c t i v e l y .  

PU unbalance meter c o n t r o l  (“green“) band. 
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Shown i n  Figures 4 through 21 are  t h e  PAP ou tpu t  p l o t s  which present  

the  res idua ls  (d i f fe rences  between the  f i l t e r e d  f l i g h t  da ta  and the  program- 

c a l c u l a t e d  values) and f i l t e r e d  f l i g h t  da ta  f o r  the  segments o f  the second 

and s i x t h  burns analyzed. 

v e h i c l e  t h r u s t  acce le ra t i on  , o x i d i z e r  tank pressure, f u e l  tank pressure,  

o x i d i z e r  i n t e r f a c e  pressure, f u e l  i n t e r f a c e  pressure, o x i d i z e r  sump tank 

q u a n t i t y  , f u e l  sump tank q u a n t i t y ,  o x i d i z e r  and f u e l  s to rage tank  quan t i  t i e s  

The f igures  appear i n  t h e  f o l l o w i n g  o r d e r :  

(second burn o n l y ) ,  and chamber pressure f o r  the  t h i r d  and seventh burn 

respec t i ve l y .  The values f o r  slopes and i n t e r c e p t s  seen i n  t h e  upper r 

hand corner  o f  these graphs represent  t h e  slopes and i n t e r c e p t  on t h e  

o r d i n a t e  o f  a l i n e a r  f i t  o f  t h e  res idua l  data. I t  i s  r e a d i l y  seen t h a t  

the c l o s e r  these numbers a re  t o  zero, t he  b e t t e r  t he  match. 

A s t rong  i n d i c a t i o n  o f  the - v a l i d i t y  o f  the  PAP s i m u l a t i o n  can be 

ob ta ined by comparing the t h r u s t  a c c e l e r a t i o n  c a l c u l a t e d  i n  the  s i m u l a t i o n  

t o  t h a t  de r i ved  from the Apo l lo  Command Module Computer (CMC) A V  data  

t r a n s m i t t e d  v i  a measurement CGOOOl V .  This comparison i s  easi  l y  made i n  

terms o f  the p r e v i o u s l y  mentioned r e s i d u a l  s lope and i n t e r c e p t  data. 

Figures 3 and 13 show the t h r u s t  a c c e l e r a t i o n  du r ing  the  p o r t i o n s  o f  t h e  

burns analyzed, as der ived  from the  CMC data, and the  r e s i d u a l  between t h e  

data and program c a l c u l a t e d  values. The r e s i d u a l  t ime h i s t o r i e s  have 

e s s e n t i a l l y  zero  means and l i t t l e ,  i f  any, d i s c e r n i b l e  t rend. Th is  

i n d i c a t e s  t h a t  the  s imu la t i ons  e s p e c i a l l y  i n  terms of t h e  computed s p e c i f i c  

impulse, are r e l a t i v e l y  v a l i d ,  a l though o t h e r  f a c t o r s  must a l s o  be con- 

s ide red  i n  c r i t i q u i n g  the  s imu la t i ons .  

As observed on previous f l i g h t s ,  t h e  measured chamber p ressure  d r i f t e d  

w i t h  burn  t ime du r ing  bo th  burns, presumably because of thermal e f fec ts  on 

t h e  transducer. Although t h i s  d r i f t  has been p a r t i a l l y  modeled f r o m  knowledge 
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obtained from past SPS f l i g h t  analysis resu l t s ,  the existing d r i f t  model 

i s ,  a t  best ,  approximate and n o t  suff ic ient  for detailed performance 

analyses where chamber pressure errors of less than 0.5 psi are s ignif icant .  

Because of the questionable nature of the chamber pressure data,  this 

measurement was considered essenti a1 ly useless for  the detai led analysis, 

and was n o t  used i n  the simulations. 

Figures 12  and 20 fo r  the chamber pressure d u r i n g  the t h i r d  and seventh 

burns are included for information only. 

could n o t  be ut i l ized,  the ab i l i ty  of PAP t o  distinguish t a n k  and interface 

pressure measurement errors from errors i n  the preflight engine model 

(engine resistances, thrust chamber character is t ic  velocity, and specif ic  

impulse) was somewhat diminished. 

The residuals plots,  

Because the chamber pressure 

Several of the residual plots for  the t h i r d  burn  show discontinuities 

a t  the times where PU valve movements and propellant crossover occur. These 

discontinuities are the resul t  o f  the transients associated w i t h  the changes 

i n  interface pressure and are not considered s ignif icant  errors  i n  the 

match. I t  should be pointed out tha t  the large number of PU valve move- 

ments made d u r i n g  the t h i r d  b u r n  increases the diff icul ty  of achieving a 

good simulation a n d ,  therefore, the  degree of  d a t a  match achieved i s  con- 

sidered quite good. 
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Comparison b!ith Preflight P2rforniance Prediction 

Prior t o  the Apollo 1 4  Mission, the expectcd perfortience of the SPS 

was presented i n  Reference 2.  

integrated propellant feed/engine system a n d ,  wherever p!issihle, u t i l i zed  

data and characterist ics for the specif ic  SPS tii:rd,vare cn th i s  f l igh t .  

This performance predici.im was for  the 

The predicted steady-state th rus t ,  propellant mixture r a t io ,  and 

specif ic  impulse are shown i n  Figures 2 and 3 f o r  the th:’rd and seventh burns, 

respecti vely. 

for  the f l i gh t  as determinrd from the steady-stdte analysis. 

the comparison of the fl  ight performance to  the pref l ight  predicted pzrfor- 

mance i s  n o t  straightforward because o f  the difference in t h e  predicted and 

actual PU valve position history. The s l igh t ly  differe;!t PU valve position 

Also shown, for  comparison , a rc  the correzpciiding values 

I n  general, 

history resulted fiViiI the iriixtilre i‘iiii”, a i  a y i v e ; ~  F u  t d i v d  p u s i t i o r i ,  being 

somewhat greater t h a n  predicted. However, valid ccmparisons can be mad. a t  

those times where the predicted and actual PU valve positions are the same. 

Previous f l i gh t  resul ts  have consistently shown the i n f l i s h t  mixture 

r a t io  to be s ignif icant ly  less t h a n  expxted based on t h o  engine acceptsnce 

t e s t  d a t a .  

r a t io  based on past fl i g h t  experience 

determined from the acceptance t e s t  d a t a  was biased by -5.5::, which decreased 

the mixture r a t i o  obtained w i t h  the  acceptance t e s t  hydraulic resistances 

by 2.8% a t  standard i n l e t  conditions. 

from the results of the postf l ight  evaluations o f  Apollo I:issions 9 ,  19, 

11,  and 12.  (Reference 9 ) .  

In order t o  more closely predict. the expected inf l igh t  mixture 

the engine fuel hydraul i c resistance 

T h i s  bias v!as s t a t i s t i c a l l y  obtained 

AS car, be seen i n  Figures 2 and 3,  a t  c o ~ i m n  PU v a l w  p s s i  tioils , t h c  

f l i gh t  reconstructed mixture r a t i o  agrees qui te  well with the predicted 
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mixture ratio.  

uncertainty (Reference 9) o f  k0.047 ( 3 ~ ) .  

thrust and specif ic  impulse (Figures 2 and 3) were within the prediction 

uncertainties of k280 pounds (30) and k1.59 seconds (3u) ,  respectively, 

a t  common PU Val ve positions. 

The maximum difference of 0.02 i s  well within preflight 

Similarly, the reconstructed 

Engine Performance a t  Standard In l e t  Conditions 

The expected f l i gh t  performance of the SPS engine was based on data 

obtained during the engine and injector acceptance tes t s .  

provide a common basis for  comparing engine performance, the acceptance t e s t  

performance is adjusted t o  standard i n l e t  conditions. This allows actual 

engine performance variations to  be separated from performance variations 

which are induced by feed-system, pressurization system, and propellant 

temperature variations. 

In order t o  

Based on the steady-state analysis of the t h i r d  b u r n ,  the standard 

i n l e t  conditions thrust ,  specific impulse and propellant mixture r a t io  were 

20731 pounds, 313.9 seconds and 1.557, respectively. These values are 0.4% 

greater ,  0.03% greater and 0% different ,  respectively, than  the corresponding 

values computed from the engine model used in the pref l ight  prediction. 

The seventh burn  analysis yielded standard i n l e t  conditions thrust, 

specif ic  impulse and propellant mixture ra t io  of 20741 pounds, 314.1 seconds 

and 1.557 units, respectively. These values are 0.4% greater,  0.1% greater 

and 0% different ,  respectively, t h a n  the corresponding values computed from 

the pref 1 i g h t  engine model. 

The standard in l e t  conditions performance values for  the two burns agree 

well w i t h  each other, w i t h  the thrust ,  specif ic  impulse, and propellant 

mixture values being only 10 pounds, 0.2 seconds, and 0.0 units different ,  

respectively. The average standard i n l e t  conditions thrus t ,  specif ic  impulse 
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and propellant mixture r a t i o  for  the two burns were 20736 pounds, 314.0 

seconds and 1.557 units, respectively. These values are 0.4% greater,  . I% 

greater,  and 0% different ,  respecti vely , than the corresponding values 

computed from the pref 1 i g h t  engi ne model. 

As previously discussed, the engine fuel resistance used in the prefl 

prediction was adjusted from i t s  acceptance t e s t  value i n  an attempt to 

improve the mixture r a t io  prediction. 

thrust, specific impulse and mixture r a t io  from the f l i gh t  are compared 

t o  the i r  corresponding values computed from an engine model based on the 

unadjusted acceptance t e s t  resistances the f l i g h t  values are found to  be 

I f  the average standard i n l e t  cond tions 

1% greater,  0.1% greater and 2.9% less ,  respectively, than the values from the 

unadjusted model. 

The standard i n l e t  conditions performance values reported herein were 

calculated f o r  the following conditions. 

STANDARD INLET CONDITIONS 

Oxidizer i nterf ace pressure, psi a 
Fuel interface pressure, psia 
Oxidizer interface temperature, O F  

Fuel interface temperature, O F  

Oxidizer densi t y  , 1 bm/f t3 
Fuel densi ty , 1 bm/ft3 
Thrust acceleration, lbf/lbm 
Throat area ( i n i t i a l  value), i n 2  

162 
169 
70 
70 
90.15 
56.31 

1 .o 
121.700 

Of primary concern i n  the f l i gh t  analysis of a l l  Block I1 engines 

is  the verification o f  the present methods o f  extrapolating the specific 

impulse for  the actual f l i gh t  environment from data obtained during ground 

acceptance tes ts  a t  sea level conditions. Since the SPS engine i s  n o t  

a1 t i  tude tested d u r i n g  the acceptance t e s t s ,  the expected specif ic  impulse 

i s  calculated from the d a t a  obtained from the injector  sea level acceptance 

tes t s  using conversion factors determined from Arnold Engineering 

Center (AEDC) simulated a1 ti tude qualification testing. 

Developing 

As previously dis- 
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cussed, the average standard i n l e t  c o n d i t i o n s  s p e c i f i c  impulse determined 

from analyses o f  t h e  t h i r d  and seventh burns was 314.0 seconds. The p r e d i c t e d  

s p e c i f i c  impulse a t  standard i n l e t  cond i t i ons ,  as e x t r a p o l a t e d  from the  

ground t e s t  da ta  was 313.8 seconds. The expected to le rance  associated w i t h  

the  p r e d i c t e d  s tandard i n l e t  c o n d i t i o n  value o f  313.8 seconds (Reference 2 )  

was t1.593 - seconds (3-sigma). The f l i g h t  value was w e l l  w i t h i n  t h i s  t o l e r -  

ante. Therefore, i t  i s  concluded t h a t  t h e  p resen t  methods o f  e x t r a p o l a t i n g  

t h e  expected f l i g h t  s p e c i f i c  impulse from the  ground t e s t  data were s a t i s -  

f a c t o r y  f o r  t h i s  f l i g h t ,  and the re  i s  no evidence t o  war ran t  changing the 

methods f o r  f u t u r e  f l i g h t s .  

t i n u a l  l y  v e r i f i e d  on each subsequent f l i g h t .  

The v a l i d i t y  o f  t h i s  conclus ion should be con- 
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5. PUGS EVALUATION AND PROPELLANT LOADING 

P r o p e l l a n t  Loading 

The o x i d i z e r  tanks were loaded t o  CM d i s p l a y  readout o f  100.85% a t  a 

The f u e l  tank pressure o f  111 p s i a  and an o x i d i z e r  temperature o f  67.7OF. 

tanks were loaded a t  110 p s i a  and 69.5OF t o  a d i s p l a y  readout o f  100.8%. 

The SPS p r o p e l l a n t  loads c a l c u l a t e d  from these data,  and p r o p e l l a n t  sample 

dens i t y  data, are shown i n  Table 6. As planned, the  o x i d i z e r  s to rage tank  

pr imary gage was zero ad jus ted  w i t h  an approximate -0.4% b ias .  

adjustment b ias  was inco rpo ra ted  f o r  Apo l lo  10 and subs t o  prevent erroneous 

s to rage tank readings a f t e r  crossover as experienced du r ing  the  Apo l l o  9 

Miss ion  (Reference 3) .  

t ime  vary ing  e r r o r  ( a  -0.4% b i a s  and a +0.8% sca le  f a c t o r )  i n  the  readings 

from the storage tank pr imary  gage p r i o r  t o  crossover. 

This zero 

The zero adjustment b i a s  causes a small  , b u t  known, 

PUGS Operat ion i n  F l i g h t  

The p r o p e l l a n t  u t i l i z a t i o n  gaging system (PUGS) operated s a t i s f a c t o r i l y  

throughout the  mission. 

normal p o s i t i o n  f o r  a l l  SPS burns, there fore ,  o n l y  t h e  pr imary  system data  

were ava i l ab le .  The p r o p e l l a n t  u t i l i z a t i o n  (PU) va l ve  was i n  the  inc rease 

p o s i t i o n  a t  launch and f o r  t h e  f i r s t  two burns. 

The PUGS mode s e l e c t i o n  sw i t ch  was s e t  i n  the 

The PU va l ve  was i n  the  inc rease p o s i t i o n  f o r  t h e  s t a r t  o f  the  t h i r d  

Approximately 104 seconds a f t e r  i g n i t i o n  o f  the  t h i r d  burn, t h e  burn. 

PU va lve  was moved t o  t h e  normal p o s i t i o n .  

f o l l o w i n g  i g n i t i o n  t h e  PU va lve  was re tu rned  t o  the inc rease p o s i t i o n .  

The va lve  was moved t o  the  normal p o s i t i o n  again a t  about 285 seconds 

f o l l o w i n g  i g n i t i o n ,  and back t o  increase again a t  about 320 seconds a f t e r  

i g n i t i o n .  

o f  the  t h  r d  burn, a l l  t h e  four th ,  f i f t h  and s i x t h  burns, and f o r  

A t  approximately 195 seconds 

The valve was l e f t  i n  t he  i nc rease  p o s i t i o n  f o r  t h e  remainder 
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approximately the f i r s t  1 8  seconds of t he  seventh, a t  which t ime  i t  was 

moved t o  the  normal p o s i t i o n .  The PU va lve  was l e f t  i n  the  normal p o s i t i o n  

f o r  the remainder o f  t he  seventh burn (approx imate ly  131 seconds). 

F igure 22 shows the  i n d i c a t e d  p r o p e l l a n t  unbalance h i s t o r y  f o r  t he  

t h i r d  and seventh burns; as computed f rom the  raw T/M PUGS data. 

i n d i c a t e d  unbal ance h i s  t o r y  shoul d r e f 1  e c t  t he  CM d i s p l  ay unbal ance h i  s t o r y ,  

w i t h i n  t h e  T/M accuracy, and, i n  fac t ,  agrees w e l l  w i t h  the crew repor ted  

unbalance readings of 40 pounds, increase and 40 pounds, decrease a t  the end 

o f  t he  t h i r d  and seventh burns, respec t i ve l y .  

as shown i n  F igure 22, was, as best cou ld  be determined from the  T/M data, 

c o n s i s t e n t  w i t h  the  i n d i c a t e d  unbalance and the expected crew p o s i t i o n i n g  l o g i c  

(Reference 2 ) .  The expected unbalance and associated PU va lve  p o s i t i o n  

h i s t o r y  which are a lso  shown i n  Figure 22, a r e  seen t o  compare favorab ly  

w i t h  t h e  ac tua l .  

unbalance f o l l o w i n g  the  s t a r t  o f  the t h i r d  burn showed decrease readings. 

The i n i t i a l  decrease readings are caused by th ree  f a c t o r s :  

p r e v i o u s l y  mentioned -0.4% c a l i b r a t i o n  b ias  on the  o x i d i z e r  s torage tank 

probe, 2) ungageable o x i d i z e r  (approximately 100 pounds) above the top  

o f  t h e  o x i d i z e r  sump tank probe p r i o r  t o  crossover due t o  p r o p e l l a n t  t rans-  

f e r  r e s u l t i n g  from he l ium absorpt ion,  and 3 )  the tendency o f  t h e  f u e l  

probes t o  read er roneous ly  h igh  f o r  about 30-40 seconds f o l l o w i n g  i g n i t i o n  

on low acce le ra t i on  burns due t o  c a p i l l a r y  a c t i o n  i n  the probe s t i l l w e l l s .  

A f t e r  p r o p e l l a n t  crossover,  a t  about 240 seconds o f  the  t h i r d  burn,. t h e  unbalance 

i s  seen t o  take a s tep  increase t o  approximately zero as the  e f f e c t s  o f  

the two known o x i d i z e r  sump tank gaging e r r o r s  ( t h e  -0.4% b ias  and the 

o x i d i z e r  above the probe) are e l iminated.  

t h i r d  burn and dur ing  the seventh burn the unbalance was s a t i s f a c t o r i l y  

The 

The PU va l ve  p o s i t i o n  h i s t o r y ,  

A s  expected, based on past  f l i g h t s ,  the i n d i c a t e d  

1 )  the 

Throughout the balance o f  the 
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controlled w i t h i n  the _+lo0 lbm unbalance "green band" by use o f  the PU valve. 

A t  the end o f  the seventh burn  the unbalance was reported by the crew as only 

40 pounds, decrease. 



6. PRESSURIZATION SYSTEM EVALUATION 

Operation of the helium pressurization system was satisfactory without 

any indication of leakage. 

ul1 age pressures i ndicated nomi nal helium usage fo r  the seven SPS burns. 

The propellant t anks  were pressurized several days pr ior  t o  launch, 

The h e l i u m  supply pressure and the propellant 

and a t  l i f t o f f  the measured t a n k  pressures were approximately 180 psia f o r  

oxidizer and 179 ps i a  for  fuel. 

During the launch phase and coast period t o  the f i r s t  SPS b u r n ,  the 

measured oxidizer and fuel tank pressures decayed, as expected, t o  approx- 

imately 166 psia and 173 psia, respectively, due primarily t o  helium 

absorption into the propel1 ants. 

This mission was the f i r s t  t o  u t i l i ze  the SPS engine to perform the 

DO1 maneuver. 

over or  underburn highly undesirable, and, therefore, a crew t imed backup 

cutoff was implemented. Because o f  the c r i t i ca l  nature of this  burn  an 

analysis was performed (Reference 2 )  t o  determine the best estimate for  the 

propellant t a n k  pressure r ises  from the end of the LO1 b u r n  t o  the s t a r t  

of the DO1 b u r n  since thrust level and therefore burn  time, are dependent 

on the i n i t i a l  tank pressures. Such propellant t a n k  pressure r ises  have 

been experienced on past Apollo fl ights and a r e  attr ibuted t o  propellant 

vapor resaturation and temperature recovery of the ullage which occur follow- 

i n g  a long b u r n  i n  which there i s  a significant percentage increase i n  

ullage volume. 

tank and 5 psia for  the fuel tank, and the pressure r ises  experienced on 

Apollo 14 were 9 psia for  the oxidizer tank and 3.5 psia for  the fuel tank. 

The GN2 actuati on system pressures indicated sat isfactory usage. 

The very precise A V  requirements f o r  t h i s  burn  made any 

The predicted pressure r ises  were 8.5 psia for the oxidizer 

A t  

launch the storage pressures for  GN2 Systems A and B were both approximately 
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2375 psia. Following t t ie  sev(,rith and f inal  SPS b u r n  the T/M d a t a  indicated 

t h a t  the System A pressure wiis 2040 psia a n d  t h a t  the System B pressure was 

2165 psia. 

average pi-cssure decr:,se O F  o,iqroximately 48 psia per burn .  

u t i l i zed  on five burrs for  a n  fiidicated average pressure *:ecrease of  42 psia 

p e r  b u r n .  

System A KSS utilized on a l l  seven SPS burns for  an indicated 

System B was 



A sumnary of the s t a r t  and shutdwn transicrit perfGrm3nce d a t a  for 

the seven SPS f i r ings  i s  presented in Table 7 .  

fourth,  f i f t h ,  and s ixth burns exceedcd the upver specification l imit  of 

700 lbf-sec by 67 ibf-sec,  6 lbf-sec,  and 23  lbf-:ec, r c sxc t ive ly .  The 

difference between the f i r s t  and third burns, a ~ t !  the f o u r t h ,  f i f t h ,  and 

sixth burns exceeded the s t a r t  impulse run-to-run speci f-ication l imits of 

k200 lbf-sec. 

thrust) f o r  each burn were a l l  within the specification l imits .  

The s t c r t  impulse for  the 

The s t a r t  time (ignition t o  90 p2rcent  o f  steady-state 

The 

computed shutdown jmpulse for the third burn was  less  t h a n  the lower 

specification limit of 10,000 lbf-sec, and the vsr iabi l i  ty between burns 

was within the 5500 lbf-sec Specification l imi t s ,  with t h e  exception of the 

t h i r d  and  seventh burns. 

steady-state t h rus t )  for each b u r n  were a l l  wi t h j n  specification l imits.  

The o u t  of specification values are c o t  considcred significant because: 

1) they are re la t ive ly  minor deviatioris; 2) the errors involved in comput ing  

impulse from chamber pressure d a t a  are considered large relatfv2 t o  the devia- 

t ions;  and 3)  the values are consistent with past f l i gh t  values. 

The shutdown time (cirtuff t o  10 percent o f  

The second SPS b u r n  was of much shorter duration t h a n  would normally 

The CSM RCS would ncrmally be used t o  Der-forin such a b u r n ;  be performed. 

however, due t o  the CSM-LM d o c k i n g  d i f f icu l t ies  the  SPS engine was used 

for  t h i s  burn i n  order t o  conserve RCS propellants. The t o t a l  vacuum 

impulse for  t h i s  bclrn was very close t o  the value reDorted il: the Spacecr3ft 

Opertional Data Book (Reference 2 ) .  

The engine was star ted in the single bore mde (engine valve bank A )  

on a l l  maneuvers. The chamber pressure overshoot values are ccntained i n  

25 



Table 7 and except f o r  the f i r s t  and f o u r t h  !,LI<*ttJ, d i d  n o t  exceed the 

specified maximuni of  120 percent. 

f i r s t  burn  was 126 percent 3nd the ovcrsiioot 0.1 i i ) e  fourth burn  was 127 

percent. 

s ing le  bore mode. For the remaining b u r n s  t h r t  o t h p r  bore (engine valve 

bank) was opened 1 t o  4 seconds a f t e r  i g n i t i o n .  

The chamber ii,c';sure overshoot oil the  

The second and f i f t h  burns w5t-e conCI'.:f-+.->d completely in the 
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TABLE 2 

PREDICTED CSM 110 SPS ENGINE AND FEED SYSTEM CHARACTERISTICS 

Engine No. 63 

I n j e c t o r  No. 121 

Chamber No. 

I n i t i a l  Chamber Th roa t  Area ( i n  2 ) 

343 

121.6614 

Engine and System F l u i d  Resistances ( l b f - s e c  2 / l b m - f t  5 ) 

Based on 
Acceptance T e s t  Ad jus ted  

Fue l  Engine Feedl i n e  878.8 830.2 
O x i d i z e r  Engine Feedl ne 488.1 
Fuel  System Feedl i ne 36.08 
O x i d i z e r  System Feedl ne 

PU Valve i n  Pr i -normal  p o s i t i o n  97.72 

PU Valve i n  P r i - i n c r e a s e  48.49 
PU Valve i n  Pr i -decrease P o s i t i o n  173.11 

C h a r a c t e r i z a t i o n  Equat ion  f o r  C* : 

c* = c*s,c + 870.5 (MR - 1.6) - 273.83 (MR2 - 2.56) - 0.31878 (Pc -99) 

+12.953 (TP - 70) - 0.07414 (TP2 - 4900) - 5.466 (MR ' TP - 112) 
+ 0.03119 (MR 

where C*s,c. (Engine No. 63) = 5970 f t / s e c  

TP2 - 7840.); 

C h a r a c t e r i z a t i o n  Equat ion  f o r  Isp: 

Isp = I - 96.954 (1.6 - MR) - 0.0487 (99 - Pc) - 0.06276 (70 - TP) "vat 
+ 30.409 (2.56 - MR2) + 0.0004483 (4900 - TP'); 
where I (Engine No. 63) = 313.8 l b f - s e c / l b m  ''vat 
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TABLE 5 

PARAMETER 

S E RV I CE P ROP ULS I ON SYSTEM STEADY - STATE PE RFO RMANC E 
SEVENTH SPS BURN 

INSTRUMENTED 
FS-1 + 50 Sec. 1 FS-1 + 110 Sec. 

Pred ic ted  PAP I Measured I Pred ic ted  PAP Me as u r e  d 
Normal 

177 

175 

166 

173 

103 

I Ipu Valve Pos i t i on  Normal Normal 

173 177 

173 176 

160 166 

172 174 

103 103 

Ox id i ze r  Tank 
Pressure, p s i  a 

Fuel Tank 
Pressure, p s i  a 

Oxi d i  zer  I n t e r -  
face Pressure , 
p s i  a 

Fuel I n t e r f a c e  
Pressure , p s i  a 

Engine Chamber 
Pressure , p s i  a 

Ox id i ze r  F1 ow- 
r a t e  , lbm/sec 

Fuel F1 owrate , 
1 bm/sec 

Propel 1 an t  
Mix tu re  Rat io  

Vacuum Speci f i  c 
Impulse, sec 

Vacuum Thrust  , 
l b f  

I 

Notes : 

177 

177 

167 

175 

103 

40.9 

26.4 

1.549 

31 3.9 

21 125 

40.9 

26.2 

1.559 

314.2 

21 085 

40.6 

26.3 

1.544 

313.9 

21029 

(1 )  Pred ic ted  values f r o m  Reference 2 
( 2 )  
(3)  

Calculated values from Propuls ion Analys is  Program 
Measured data a re  as recorded and are n o t  cor rec ted  
f o r  biases and e r r o r s  discussed i n  t e x t .  

32 

Normal 

177 

175 

166 

173 

103 

40.8 

26.2 

1.558 

314.2 

21 046 

Normal 

174 

173 

160 

172 

104 

-- 

-- 

-- 

-- 

-- 



P r o p e l l a n t  

Oxi d i  ze r 

Fue 1 

TOTAL 

P rope1 1 a n t  

Oxi d i  ze r 

Fuel 

TOTAL 

Prope l  1 a n t  

Usable Oxi d i  z e r  

Usable Fuel 

TOTAL 

TABLE 6 

SPS PROPELLANT DATA 

T o t a l  Mass Loaded ( lbm) 
Computed From Based on 
Loading Data Analys i s  

25061.0 25061 

15695.2 15661 

40756.2 40722 

P r o p e l l a n t  Consumption ( lbm)  
Compu t e d  From 
Loading Data Ana lys i s  

and PUGS Resu l ts  

23900 2 3889 

14953 

3885 3 

1 4932 

38821 

P r o p e l l a n t  Residuals  ( lbm) 

Computed From Ana lys i s  
PUGS Res u l  t s  

866 877 

596 

1462 

- 583 - 
1460 
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